Large amounts of serum hepatitis virus are circulating in the blood of about 50 000 healthy persons in this country, and every year this agent causes at least 2 000 cases of acute infection in adults. Superficially at least this resembles the ecological situation in a mouse colony recently affected by lymphocytic choriomeningitis. In situations where the carrier rate is 10 or even 100 times higher than in Britain, clinical serum hepatitis is reputed to be uncommon (Cherubin, 1971) suggesting an ecological comparison with a mouse colony where lymphocytic choriomeningitis is well established. Is there also a useful analogy to be drawn between the pathogenesis of lymphocytic choriomeningitis in the mouse and serum hepatitis in man?
While lymphocytic choriomeningitis can be grown in tissue culture and in eggs, and antibody to it measured in a variety of ways, the serum hepatitis virus has not yet been cultivated in vitro, nor is there any satisfactory test of immunity. The discovery of Australia antigen by Blumberg, Alter, and Visnich in 1965, and the subsequent realization that its presence in the blood correlated closely with viraemia (Prince, 1968) has provided the first useful laboratory marker for the study of serum hepatitis.
Acute Infection
After inoculation of a susceptible adult both serum hepatitis virus and Australia antigen disappear and have not been identified in blood or tissues during the long incubation period. This stage varies from about four to 20 weeks, and its duration does not seem to be closely related either to the size of the infecting dose (Drake, Barondess, Bashe, Henle, Henle, Stokes, and Pennell, 1953) or to the particular strain involved (Murray, Diefenbach, Ratner, Leone, and Oliphant, 1954) . Australia antigen, and infectivity, tend to appear in the blood a few days before the onset of illness, and this viraemic phase may persist for weeks or even months, especially in immunosuppressed individuals. Characteristically joint pain and swelling and a diffuse skin rash also appear at this stage, but these 'allergic' symptoms subside asjaundice develops.
The titre of the antigen in the blood rises very 22 rapidly and has usually reached its maximum by the time the first serum sample is obtained from a patient with hepatitis. Titres of 1/1024 or 1/2048 in the complement-fixation test are not unusual, and correspond to infectivity titres of about 106 ID50 per millilitre of blood (Barker, Shulman, Murray, Hirschman, Ratner, Diefenbach, and Geller, 1970) . The exact nature of Australia antigen remains unknown but its morphological appearance in the electron microscope is sufficiently characteristic to provide a useful diagnostic feature (Bayer, Blumberg, and Werner, 1968 ). Three types of particle are seen ( Fig. 2) : small spherical particles about 20 nm in diameter, long particles of about the same diameter, and larger double-shelled particles about 40nm in diameter (Dane, Cameron, and Biggs, 1970) . There is no correlation between the proportions of these types of particle and the stage of the disease. The small round particles are always the most numerous, and their concentration has been estimated as about 1012 per millilitre (Almeida, Zuckerman, Taylor, and Waterson, 1969) . Although they are roughly the size expected for the serum hepatitis virus itself (McCollum, 1952 ) they band on ultracentrifugation in calcium chloride at a density between 1 2 and 1 29 (Barker, Smith, Gehle, and Shulman, 1969; Gerin, Purcell, Hoggan, Holland, and Chanock, 1969) . This means that they cannot contain significant amounts of nucleic acid if, as would be expected from their shape, they are constructed from protein subunits according to an icosohedral pattern. The density of both the larger particle types is of the same order. Great difficulties have been encountered in purifying Australia antigen, and until these are resolved the single report (Jozwiak, Kogcielak, Madelin'ski, Brzosko, Nowoslawski, and Kloczewiak, 1971) of finding 5 % RNA content cannot be accepted without reserve. It seems reasonable to speculate that Australia antigen may be a reconstitution product formed by aggregation of excess virus-coded protein units around polyanions such as phospholipids in serum (Cossart and Field, 1970) .
The production of large amounts of nonreplicating viral antigen has been proposed to account for the induction of the state of 'split tolerance' in adult mice infected with very large doses of lymphocytic choriomeningitis virus (Hotchin, 1971) . It is surprising to find that such very large amounts of Australia antigen can circulate in serum hepatitis without inducing an obvious antibody response, and it will be of great interest to see if this is also the result of the specific inhibition of immunity.
The production of acute disease in lymphocytic choriomeningitis is attributed to the cellular immune response of the adult animal, and the histological appearance is of widespread lymphocytic infiltration of the viscera (Findlay and Stem, 1936) , all of which contain large amounts of virus. In serum hepatitis there is moderate periportal lymphocytic infiltration in the liver, but in other organs this is relatively minor (Lucke, 1944) . Nothing is known about the distribution of infectious virus in the body. Australia antigen has been sought directly and by immunofluorescence in the liver, bone marrow, and other tissues such as the testis (Millman, Zavatone, Gerstley, and Blumberg, 1969; Nowoslawski, Brzosko, Madalin'ski, and Krawczyn'ski, 1970) . The findings have been equivocal (Nielsen and Elling, 1971 ) and studies on the urine and faeces have also yielded negative or doubtful results (Grob and Jemelka, 1971; Apostolov, Bauer, Selway, Fox, Dudley and Sherlock, 1971; Gust, Kaldor, and Nastasi, 1971; Tripatzis and Horst, 1971) .
Beyond the observation that antigen inadvertently transfused into a patient is cleared from the blood within a few days, little is known about the metabolism of Australia antigen and nothing about its origin.
Some reports have now appeared of finding masses of small, virus-like particles in the nuclei, and, to a lesser extent, in the cytoplasm of liver parenchymal cells in some patients with serum hepatitis (Scotto, Stralin, and Caroli, 1971) .
It is tempting to believe that these may indeed be the infective agent which has eluded discovery for so long. Whether the liver damage is due to the direct cytopathic effect of such an agent remains doubtful, since intracellular virus particles are not a feature of the fine structure of lesions in the hepatitis of glandular fever or cytomegalovirus infection (Wills, 1972) . In both these diseases immunopathology might also be suspected.
Australia antigen particles in the serum are some- (Field, 1971) . Thirdly there has been no clear demonstration that these clumps can actually be split to yield Australia antigen and antibody, and the finding of the latter irt hepatitis patients' sera is quiteexceptional.
Attempts to assess the role of cellular immunity in serum hepatitis have also yielded equivocal results. Lymphocytes from the peripheral blood of patients long recovered from serum hepatitis might be expected to transform on exposure to Australia antigen in vitro, but the one study which did show this response (Laiwah, 1971) has not yet been confirmed. The agent could not be propagated in 'normal' human lymphocytes with or without concurrent stimulation with phytohaemagglutinin (Millman, Zavatone, Gerstley, and Blumberg, 1971 (Soulier et al, 1972) . There has also been one attempt to stimulate active immunity to serum hepatitis by inoculating heattreated serum containing Australia antigen. This has met with partial success (Krugman, Giles, and Hammond, 1971 ) but it is uncertain whether this was due simply to stimulation of anti-Australia antibody or whether attenuated infection had resulted.
It is difficult to compare this confused situation with that of lymphocytic choriomeningitis where formation of neutralizing antibody occurs very late in infection (Hotchin, Benson, and Sikora, 1969) and killed vaccines are ineffective (Milzer and Levinson, 1946) .
Chronic Liver Disease
In Britain it is unusual to encounter Australia antigen in serum from a patient with chronic active hepatitis, biliary or portal cirrhosis, or hepatoma. In the Virus Reference Laboratory during 1971, 99 cases of chronic liver disease were examined and only 6 % were positive. In countries where carriers are common, chronic liver disease with Australia antigen is also common. This raises the question of how many more might be detected if much more sensitive tests were available. If the diseasefollows thelymphocytic choriomeningitis pattern, virus antigen levels might be expected to be rather high and in all of the positive patients mentioned above antigen was detected even by the relatively insensitive gel diffusion test. It is of interest to note that despite very long-ipa'a~F ig. 3 Portion of a liver parenchyma from a patient with chronic active hepatitis and Australia antigen in the serum. The nuclear membrane runs across the top of the field and the nucleoplasm contains a group of nine round particles (centre) each about 23 nm diameter. x 82 000 (electron micrograph by courtesy of Dr E. J. Wills).
term antigenic stimulus anti-Australia antibody is rarely found in these patients. It was not demonstrable in any of the 99 cases of chronic hepatitis tested in the Virus Reference Laboratory during 1971.
There is some evidence for the persistence of the infective agent itself in chronic liver disease. Not only could Stokes (1954) transmit infection using serum as inoculum, but the small virus-like particles described in acute hepatitis have also been found in a case of chronic active hepatitis (Figure 3 ; Wills, 1971) Hepatitis Carriers High titres of both serum hepatitis virus and of Australia antigen may persist in the blood of some healthy individuals for many years , while in others the carrier state may be of quite short duration or even intermittent (Cossart, 1972) . Are carriers undergoing an enormously prolonged incubation period which, it might be supposed, could be activated into acute illness by some appropriate event? On the other hand is the carrier state in reality subclinical, chronic, or even acute hepatitis in these apparently healthy people? Thirdly, are these individuals either immunologically deficient, or specifically tolerant to serum hepatitis because they acquired infection in utero or very early in life?
The age distribution of Australia antigen carriage has been determined only in high incidence areas such as Japan (Okochi and Murakami, 1968) Neither liver function tests nor liver biopsies (Klinge, Kaboth. and Arnold, 1971) have yielded clear evidence of liver disease in hepatitis carriers, nor have they entirely excluded it. Long-term studies of large numbers are needed to assess the significance of Australia antigen carriage for the individual.
The transmission of lymphocytic choriomeningitis infection from mother to offspring in utero is followed by the establishment of specific immune tolerance to that agent (Traub, 1936) . Prospective studies of Australia antigen carriers in pregnancy so far show that hepatitis is not transmitted to the infant in this way. When acute antigen-positive hepatitis occurs early in pregnancy the outcome is also benign, but should hepatitis occur about the time of delivery, there is a substantial risk that the baby will be infected (Cossart. 1972) . The cord blood of these infants has in all the instances so far reported been Australia antigen negative, and antigen has appeared after an interval of about three weeks. A similar interval was observed in a baby who had been transfused with antigen-positive blood on the day of delivery. In these affected infants liver disease does not become evident for some weeks or months, but many develop a low-grade chronic hepatitis and remain long-term antigen carriers (Wright, Perkins, Bower, and Jerrome, 1970 (London et al, 1969) . First the liver damage tends to be slight and often passes unnoticed. Secondly the time scale of the infectious process is greatly prolonged. The viraemic phase of the incubation period may last weeks or months but the most striking feature is the persistence of viraemia for months or years with minimal abnormality of the liver function tests (Polakoff, Cossart, Tillett, 1972) . Liver biopsies at this stage show evidence of low-grade activity, and a recent paper (Huang, 1971) There seems to be an underlying similarity between the pathological mechanism in the two diseases, although it is unlikely that the agents belong to the same virus group.
